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1.0 Background 
Total E and P Uganda (TEPU) acquired a one-third interest in Blocks 1, 2 and 3A in 
Uganda held by a subsidiary of Tullow Oil pic and TEPU is the operator for block 1 
(Fig.1). As part of exploration activities TEPU will carry out a 3D seismic survey of the 
central areas of Murchison Falls National Park (MFNP) that fall within Block 1. The work 
involves a significant logistical exercise comprised of many people and vehicles, as well 
as, boats and people on/within the Ramsar site along the Nile River. According to the 
Environmental Strategic Impact Assessment (ESIA), submitted to the National 
Environment Management Authority (NEMA), the 3D seismic survey area will be split 
into three "zippers" and will include the laying of receiver lines and associated activities 
within the Nile River. During the 3D seismic surveys two main methods used to gather 
data involve use of explosives or vibroseis vehicles. Both methods send vibrations 
underground that are reflected back to the surface where readings are taken by 
geophones on the receiver lines and transferred to data recorders. Noise/vibrations from 
these activities are likely to disrupt the ecosystem functioning of the aquatic fauna 
(NEMA 2012). Fish in particular are sensitive to activities related to oil and gas 
exploration such high frequency noise, oil spills and pollution that can cause migration or 
death of fish (NEMA, 2012). 
To mitigate these impacts a comprehensive biodiversity monitoring program has been 
included in the design. According to the design, the Environment and Social Affairs 
section of TEPU, being aware of the extremely sensitive nature of the Ramsar site 
considered to: 
i) Establish a baseline and carry out longer-term monitoring of specific biodiversity 
features within the Ramsar area. 
ii) Develop a list of biodiversity/ecological process avoidance features around which 
the seismic operations must work, 
iii) Understand and monitor the impacts of the seismic survey on biodiversity within 
the aquatic area of the Ramsar site. 
One of the key biological features in the Nile deltaNictoria Nile Ramsar site are the fish 
populations and the associated importance to the livelihoods of many local communities. 
This report provides advice on options for including the monitoring of fish populations in 
the Nile Delta and Victoria Nile part of the Ramsar site area of Murchison Falls National 
Park. The Nile Delta/ Victoria Nile, part of the Ramsar site area of Murchison Falls 
National Park (MFNP) is one of the many protected areas in the Albertine Rift besides 
the several lakes and other water bodies that feed into the River Nile system. 
The Upper Victoria Nile is home to at least 63 fish species with only 10 species 
appearing in the commercial fisheries while Lake Albert and Albert Nile have about 40 
species (Wandera and Balirwa 2010) with about 17 species appearing in the commercial 
fishery. However, to date there have been few or no detailed studies of the fish 
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populations of the Victoria Nile between the Murchison falls and Lake Albert including 
the delta area that are vital to the sustenance of the Lake's ecological resources. 
Fish are an important component of aquatic ecosystems and through their role as 
consumers of other organisms; they can have a significant influence on the structure 
and functioning of these ecosystems (Holmlund & Hammer, 1999). 
Monitoring of fish communities can provide a useful indicator of the ecological health of 
their habitats. Fish are sensitive to changes in water quality and habitat structure caused 
by human (anthropogenic) activities and by natural factors. Besides the intrinsic 
biodiversity and the human food values of most species, fish are useful indicators of the 
impact of many different anthropogenic activities on the environmental health of wetland 
ecosystems (Pigeon, 2004). 
World over, the use of fish community structure in environmental monitoring programs of 
freshwater systems has increased in recent years concerning the health of fish and the 
aquatic environment, but most importantly concern about the potential risk to humans 
from the consumption of fish from contaminated fish habitats. 
As part of the concerns on fish populations and associated livelihood, TEPU 
commissioned the National Agricultural Research Organization's institute, the National 
Fisheries Resources Research Institute (NaFIRRI), to provide data collection services 
with respect to the fish populations and the associated importance to the livelihoods of 
local communities study in the Nile DeltaNictoria Nile Ramsar site, initially focusing on 
the Ramsar site located in Zippers 1 and 2 (Figure 1). 
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Figure 1: An image showing the location of Zippers 1 & 2 and Block 1 part of the Delta 
NileNictoria Nile Ramsar site, Murchison Falls National Park. 
NaFIRRI is one of the institutes of NARO charged with the responsibility of promoting 
and undertaking both applied and basic research of strategic and national importance in 
aquaculture, capture fisheries, water environment, socioeconomicsand marketing. 
information management and any emerging issues in the fisheries in Uganda. 
Some of the core functions of NaFIRRI relevant to the assignment include: 
1.	 Development and management of fisheries research information and ensuring 
collaboration with stakeholders. 
2.	 Establishment of sustainable linkages and partnership with Local, Regional and 
International Fisheries Research bodies. 
1.1. Objectives 
The major objective of the study is to carry out monthly surveys for a period of one year; 
preliminary assessments focusing on the fishes, their biology and ecology, the fish 
catches and the value of the commercial catChes, their importance and associated 
livelihoods. 
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1.2. Specific objectives of the study 
1.2.1 Primary objectives 
1.	 To determine and generate a checklist of available fish species in the study area 
listing the most important from a conservation perspective, global conservation 
status based on the IUCN Red listing CR, EV, VU, endemicity or restricted range) 
and other literature. Determine what the priority fish species present are in terms of 
both conservation and local livelihoods perspectives. 
2.	 To determine distribution and relative abundance of keystone species of fish in the 
study area. 
3.	 To calculate catch rates offish species commonly found in these waters 
4.	 To determine size/age structures of populations of various fish species in the area 
5.	 To determine the distribution, breeding areas and seasonality for the keystone 
species in the different habitat types in the study area focusing initially on where this 
overlaps with the 3D seismic area e.g. spawning and nursery grounds and the 
seasonality of these activities. 
6.	 To determine to whatever extent possible the ecological functionality of the fish 
species i.e. condition factor, sex ratios, size at maturity, and the diet of the 
commonest commercially important fish species in the area and what effects their 
ecological functions would be if disrupted by 3-D seismic surveys. 
1.2.2 Secondary objectives 
1.	 To assemble required frame survey data through enumeration of all fishing crafts, 
their crew and fishing gears to estimate the potential fishing effort and generate 
raising factors required for the estimation of total catches from sample catch data; 
2.	 To collect fish catch data on commercial catches including the numbers, weights, 
and species composition of the fish landed; and 
3.	 To collect information on the unit price of fish in Shs/Kg for calculation of beach 
value in monetary terms contribution to local GOP, markets) 
4.	 To assess the contribution and value of fish to local livelihoods protein sources and 
local diets 
3.0 Materials and Methods 
The selected transects fall in Zippers 1 and 2 of the Victoria Nile that lies between close 
to the Murchison Falls (N344369; E251161) and the Nile Delta (N0326390; E246420) 
covering a distance of approximately 30 km. The sections of the Victoria Nile are 
characterized by bends, fast flowing zones and two large islands that merge into slow 
flowing water zones. The hinterlands along the banks of the river are dominated by 
characteristic wooded savannah landscape of the Murchison Falls National Park, with a 
very small percentage coverage transformed into tourist hotels. For purposes of this 
study, sites were selected in Zipper 1 and 2 for primary data collection and fish landing 
sites closest to Zipper 1 were selected for secondary data collection. Site selection was 
based on accessibility to the study site and landing sites in close proximity to the study 
sites and most importantly the representativeness of the sites in the Nile DeltalVictoria 
Nile as a whole. 
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During the initial surveys of April and May 2013, four sites were selected in Zipper 1 for 
primary data collection and four landing sites closest to Zipper 1 for secondary data 
collection. Beginning with the June survey, the number of sites for primary data 
collection were increased to seven to include three additional experimental sites in 
Zipper 2 while those for secondary data collection were reduced to two. Sampling for 
fish populations in the selected sites was carried out during the second quarter covering 
the months of July, August and September. Fish populations for primary data were 
sampled from the pre-selected stations using active fishing methods; using one fleet of 
multi-mesh monofilament gill nets set across the river, and electric fishing for inshore 
areas. 
3.1. Identification of the transects along the Victoria Nile 
An advance team of four representing the three different biodiversity taxa categories 
(avian, herps and fish) and TEPU Biodiversity supervisor identified four study sites in the 
approximately 9.5 km stretch of the Zipper 1 through rapid assessment during the month 
of March 2013. At the review meeting of the April report between NaFIRRI and TEPU 
representatives, the TEPU Biodiversity team suggested that the number of sites for 
primary data collection be increased to include sites within Zipper 2. The proposal was 
implemented by reducing on the sites for secondary data collection from four to two and 
increasing the sites for primary data collection from four to seven starting with the June 
survey. 
The criteria to identify the transects were: 
a) Accessibility to the study sites 
b) Landing sites in close proximity to the study sites 
c) Transects that cover a wide range of habitats 
d) Effectiveness to sample aspects of the project objectives 
e) Transects chosen to be representative of the Nile DeltaNictoria Nile as a whole 
The identified transects (Figure 2) agreed upon by the parties and associated key 
features are summarized in Table 1. 
Table I: Location and characteristics of the seven study transects along the Zippers 1and 
2 within the Victoria Nile/Nile Delta, Murchison Falls National Park. 
Transect GPS Location Key Habitat characteristicslfeatures 
UTMl 
F01 328533,246375 Very close to the upstream border of zipper 1 near Nile 
Safaris Lodge about 7 km from the Paara Lodge Ferry point. 
The Transect has one island in the centre of the river 
dominated by Cyperus swamp. The Island is largely marshy 
with some silt deposits in some cases and observable tilapia 
breeding nests. The northern bank is more gently sloping 
towards the river and is dominated bL!tJin layer of wooded 
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grassland and patches of thick Vossia along the shoreline. 
The southern bank is characterized by relatively steep slopes 
at the edge of the river but relatively gentle away from the 
river towards the hinterland and wooden grassland that leads 
into a Cyperus dominated swamp into the open water. 
However transect 1 sampled the open water was bordered 
by a belt of Vossia sp on both the southern bank and the 
southern bank of the island. The water depth was generally 
above 4.5 m. 
Within about 6 km downstream of transect 1, located 
between the two islands and the northern bank is 
characterized by a stretch of gentle slopes covered by 
woodland vegetation. The southern bank gently slopes 
toward the water via an extensive Cyperus swamp with an 
extensive papyrus swamp and the other side of the Island a 
thin belt of Vossia between the open water and papyrus 
swamp on the Island was generally muddy. The northern 
bank was forested and generally shallow rarely above 2.5 m 
and was characterized by sandy bottoms. 
Within about 2 km distance from transect 2 characterized by 
gentle slopes opening into a large belt of papyrus on either 
banks. The site is also characterized by slow flowing water. 
Within a distance of 1 km downstream of transect 3 located 
between outside zipper 1 and the Nile Delta near Lake 
Albert. This transect had similar attributes with transect 3 and 
served as the control site 
Within a distance of 1 km below the Ferry terminal (western 
side of the ferry terminal) and located in Zipper 2. The 
Northern bank (shoreline) of this transect is characterized by 
sand bottom largely shallow < 3 m with shoreline covered by 
savanna vegetation and scattered woodland typical of the 
area and deeper in mid waters> 5m. The Southern bank's 
shoreline was characterized by a small island surrounded by 
shallow waters >2m dominated by Vossia, a few Ambachi, 
seasonal river inlets, patches of fringing Vossia and 
scattered papyrus at some pointswith largely clay bottom. 
Within a distance of 1 km above the Ferry terminal and 
directly below Para lodge. The Southern bank gently slopes 
towards the river with shoreline vegetation dominated by 
savannah grassland and patches of Cyperus sp. And 
sedges. The area is generally shallow <2 m inshore and both 
banks characterized by slow water flows. The mid waters are 
deeper> 5m characterized by muddy bottoms 
The transect lies immediately above transect F06. It is also 
characterized by shallow muddy bottom and seasonal rivers 
arising from the Southern Bank. The shorelines have 
mixtures of papyrus and vossia vegetation in addition to 
patches of wood forests. The northern bank is characterized 
by gentle slopes 
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One control station was located at least 1.0 km away directly from the mid-point of the 
planned 3 D seismic grid in Zipper 1. The selected sites and control station were 
sampled for fish populations once every month between JUly and September 2013. The 
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Figure 2: A map showing the location of the seven sampled transects on the Victoria 
Nile and Nile Delta and the landing sites in the vicinity of the Nile Delta, on Lake Albert 
(JUly-September 2013). 
3.2.1 Fish species composition and Relative abundance 
Fish populations were sampled at four pre-selected sites from April to May 2013 and at 
seven sites from June up to September 2013 (Figure 2).Experimental gillnetting and 
electro fishing methods were implemented as follows: 
i 
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i)	 At the shallow inshore areas of each site above, the fish populations were 
sampled using pulsed electro fisher with an 8 watt generator and two anodes 
(Amisah, 2000). The electric fishing was operated from a Motor boat in the 
direction of the current. Two 15 minutes runs were made at each site at an 
interval of 10 minutes to allow processing of the catch. All the fish immobilized by 
the electric current were collected into a water filled container. 
ii)	 The original plan of using three fleets of graded multifilament gill nets of mesh 
sizes ranging from 25.4 mm to 139.7 mm at an interval of 12.7 mm and sizes 
152.4 to 254 mm at 25.4 mm intervals passively set overnight was unsuccessful 
due to the fast flowing waters of the river. The possibility of using a beach seine 
to sample fish in shallow waters where juveniles and small fishes are normally 
found was also ruled out due to limited suitable beaches and most importantly 
due to safety risks especially from wild life within the vicinity of the sites. 
iii) The team finally resolved to use one fleet of graded (multi-mesh) monofilament 
gill nets, set at each experimental site and allowed to drift down stream with the 
current of water and retrieved after about 30 minutes. 
iv) Fish catch from all the sampling methods were identified to species level where 
possible, measured and photographs of the fresh coloured fish taken. Fish caught 
through electro fishing were checked for externally-visible abnormalities (e.g. 
sores, eroded fins) and returned to the water (Lerczak et aI., 1994). The 
unidentified fish species and keystone species were preserved in 10% formalin 
and transported to NaFIRRI laboratory for further identification using identification 
procedures (Greenwood, 1966, 1981; Witte and van Oijen, 1990; Seehausen, 
1996). 
3.2.2 Fish species conservation status 
Conservation status of recovered fish species were evaluated according to the 2004 
IUCN Red List of Threatened Species as illustrated the Global Species Assessment 
(GSA) manual. The species conservation status was classified according the 
categorization given in the GSA manual such as: Least Concern (LC), Near Threatened 
(NT), Endangered (EN), Data Deficient (DO) and Not Evaluated (NE). In addition, using 
our own encounters with some of the data deficient species and those indicated as 
being data deficient, we have commented on a number of species. 
3.3 Fish location and distribution 
Before the acquisition of a modern fish finder equipment (Humminbird echo-sounder), a 
simple fish finder mounted on a motor boat and a hand held GPS were used to map the 
fish populations and habitats in the vicinity of the sites beginning with the June survey. 
The newly procured fish finder (Humminbird echo-sounder) has however been used 
since the July survey to identify and map fish populations and their habitats within 
Zippers 1 and 2. 
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3.4 Biometric measurements, reproductive biology and trophic relationships 
Biometric data on the experimental catch and large sized fish species were taken on the 
spot while the smaller sized specimens were preserved for laboratory examination. Fish 
were sorted according to mesh size, identified and separated into species. 
Measurements (weight in grams and length; total/ fork/standard in centimetres) and 
other biometric indices (sex, gonad condition, degree of stomach fullness and fat 
content) were recorded according to Standard Operating Procedures (e.g LVFO, 
2007a). Gonad condition for male and female fish was based on the scale I to VII 
according to the method described by Tesh and Ricker (1968); Bagenal and Brown 
(1978) and later regrouped to a five point scale (Brown-Peterson et al.,2011). Stomach 
fullness and fat content were assessed as empty, Yo, Yz, 0/. and full as in Hyslop, (1980). 
Fish stomachs whose contents were not examined in the field and female gonads of 
maturity states V to VI of key stone species were preserved in a 5-10% formalin solution 
and 70% ethanol respectively, and analyzed in the laboratory. 
In both experimental and commercial catch, relative abundance was expressed as 
Catch per unit effort (CPUE); expressed as Number/gear/unit time or as weighUgear/unit 
time and also determined for each fish species collected. 
3.4.1 Feeding Ecology of the Fish 
Stomach content analyses of preserved guts were conducted as follows: After rinsing 
the preserved stomachs with tap water and blotting off the excess water, the contents of 
each stomach to be analyzed were emptied into a petri-dish. Binocular (x10-80) and 
compound (x600) microscopes were used to identify the contents. At the lower 
magnification, large food items such as macro-invertebrates, fish or their remains were 
identified to order or generic levels. Quantification was based on the points method 
(Hynes, 1950) or its modifications as in Hyslop (1980) and Natarajan & Jhingran (2011) 
according to particular species of fish. For example, for cyprinids and tilapiines, sections 
of the gut (fore-gut, mid-gut and hind-gut) were analysed separately. Detrital and 
planktonic materials were thoroughly mixed with water, and, using a pipette, drops were 
put on a slide and SUbsequently examined under high power as in procedures by 
(Balirwa 1998). Diet analyses followed procedures reviewed by Ricker (1971) and as 
applied by LVFO (2007a) for fresh water fish of Lake Victoria. 
3.4.2. Fecundity (egg production) 
Entire gonads of individual female specimens of maturity stages V and VI, were sorted 
according to species as earlier preserved, soaked in water for 1hr so as to soften egg 
material. After blotting and drying off excess water, gonads were separated in case of 
fish with gonad pairs) and weighed g). Sections of known weight from each gonad were 
teased apart so as to separate individual mature eggs. All eggs were counted using a 
hand tally. The proportion of eggs in each gonad in relation to the total gonad weight 
was used to calculate the absolute fecundity as in procedures by Balirwa (1998) to 
indicate a potential reproductive output Welcome, 1967 cited in LVFO(2007a). 
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3.4.3 The size at first maturity and sex ratios 
The size of fish at first maturity was calculated in males and females separately by 
determining the proportion of mature and immature fish in different length classes of fish 
using 1 cm where possible or less in small species such as Neobola bredoi (Bagenal, 
1978, Richer, Nikolsky, 1963, Witte and van Densen, 1995 cited in LVFO, 2007a). Sex 
ratio was estimated by determining the number of males and females either in the total 
sample or in different length classes of the fish from different transects to establish the 
reproductive capacity of the transect. 
3.5 Fisheries and livelihoods 
3.5.1 Fish catch and Beach value (Gross income) estimates 
At the two landing sites in close proximity to the zipper 1, fishing crafts were segregated 
into effort groups (Vessel-gear combinations) and the CAS indicators estimated for each 
effort group. The mean fish catch rates (kg boar1 day-1) were estimated for each effort 
group by species. Monthly fish catches and values were estimated as follows: 
(i)	 The total fish catches were estimated using the mean fish catch rates and raising 
factors (Frame Survey 2012) done jointly by NaFIRRI and the Department of 
Fisheries Resources (DFR). For each effort group, the Boat activity coefficient 
(B)was taken as the probability that a fishing vessel of each vessel-gear type g 
would be active on any day during the month. This was estimated as the mean 
number of days boats in each effort group fished in a week divided by the number 
of days in a week. The total catch (C) of each effort group was then estimated. 
(ii)	 The beach value of the catch, i.e. the gross income to the fishers, was determined 
by raising the total catch in each effort group by the mean unit price of each fish 
species landed. 
(iii)	 Calculation of the monthly catches was based on the data collected that month. 
The mean weekly figures in each period were raised through 4 weeks to obtain the 
monthly catches and beach values. 
Information about fish catches by weight, value as unit price of fish in Uganda shillings 
and consumption by household was obtained using field data capture forms detailed in 
Standard Operating Procedures (LVFO, 2007c) 
4.0 Results 
4.1. Fish Biology and Ecology 
4.1.1. Fish species composition and Relative abundance 
A total of 40 fish species belonging to 14 families have so far been recorded from the 
experimental catch in sites F01 -F07 since April 2013 (Figure 3, Table 2). Between April 
and June alone, 35 fish species belonging to 11 families were recorded while the 
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additional five fish species belonging to three families were recorded during the period 
July to September, 2013. FamiliesCyprinidae(10 species), Alestidae, Mormyridae (5 
species each) and Mochokidae, Cichlidae (4 species each)were the most diverse. Least 
diverse families recorded between one to two species (table 2). Families Alestidae, 
Cichlidae, Cyprinidae, Polypteridae and Schilbeidae were represented at all the seven 
sites while family Citharinidae was recorded at only one site (F05). Families Clariidae 
(F01, F05) and Bagridae (F02, F01) were represented at only two sites. Brycinus nurse, 
Alestes baremose and Polypterus senegaluswere the most common species recorded at 
all the seven sites between April and September, 2013 while Clarias gariepinus, Clarias 
carsonii, Bagras bajad, Bagras docmak, Alestes dentex, Labeo cubie, Labeo horie, 
Labeo forskahlii, Synodontis frontosus and Mercusenius graham were the rarest species 
encountered from only one of the seven sites (Table 2).For the entire sampling 
period (April-September) , species Thoracochromis loati, Polypterus senegalus,eutropius 
ni/oticus, Brycinus nurse, Barbus perince and A/astes baremoseencountered inevery 
month whereasBarbus kerstani, Clarius gariepinus, C/arias carsonii, Disticodus niloticus, 
Labeo forskahlii, Labeo horrie, Momyrus kannume, Neobo/a bredoi, Oreochromis 
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Figure 3 Cumulative fish species recorded at the different sites Victoria Nile, 
MFNP (April - September, 2013) 
In terms of numbers, the 1435 fish encountered are dominated by species that mature at 
very small sizes Le.< 100 mm total length namely Brycinus nurse (28%), and Barilius 
ni/oticus(15.7%), Thoracochromis /oati (11.8) and Thoracochromis wingatii constituting 
only 4.8%. The large sized species on the other hand were dominated by A/estes 
baremose representing 9.1 % of the experimental catch at all the seven sites combined. 
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Over 70% of the experimental catch was captured from the shallow inshore habitats that 
are highly vegetated and characterized by slow running water, Five additional fish 
species Labeo forskahlii (July), Distichodus niloticus (August) and Labeo horrie, C/arias 
gariepinus and C/arias carsonii (September) were encountered for the first time during 
the quarter under review, 
Table 2: Fish species (by family) conservation status and number of individuals 
recorded at different sites of the Victoria Nile, MFNP between April and September, 
2013, (LC =Least Concern (28), NT =Near Threatened (1), EN =Endangered (1), DD = 
Data Deficient (2) and NE =Not Evaluated (8)), species with asterisk are endemic 
F_mily Fish species IUCN F01 F02 F03 F04 F05 FOG F07 Overall 
<>.LESTIDAE A/estes baremose LC 20 21 16 22 6 9 37 131 
A/estes dentex LC 3 6 9 
A/estes macro/epidotus LC 7 17 3 9 4 40 
Brycinus nurse LC 58 41 49 52 115 53 34 402 
Hydrocynus forskah/ii LC 4 2 5 5 3 19 
B GRIDAE Bagrus bajad LC 3 3 
Bagrus docmak LC 4 1 5 
CFNTROPOMIDAE Lates macrophtha/mus** EN 2 2 1 5 10 
Lates ni/oticus LC 3 2 3 3 1 1 13 
CI~HLlDAE	 Oreochromis /eucostictus LC 1 1 
Oreochromis niloticus NE 2 3 2 1 10 4 22 
Thoracochromis /oati** DO 19 27 38 44 16 25 169 
Thoracochromis DO 11 8 32 8 8 2 69 
wingatii** 
C 'HARINIDAE	 Oisticodus niloticus NE 1 1 
~ 
~ '\RIIDAE C/arias carsonii LC 1 1 
C/arias gariepinus NE 1 1 
C' <>.ROTEIDAE Auchenog/anis LC 4 2 1 2 9 
occidentalis 
CYPRINIDAE	 Barbus altianalis LC 1 1 
Barbus bynni LC 2 2 1 2 7 
Barbus kersteni NE 3 1 4 
Barbus perince LC 5 2 1 9 10 6 33 
Barilius niloticus LC 1 79 28 97 21 226 
Labeo couble LC 2 1 3 
Labeo forskahlii LC 1 1 
Labeo horrie LC 1 
Neobo/a bredoi** NE 18 4 2 24 
C "RINODONTIDAE	 Ap/ocheilichthys NE 1 12 11 9 33 
kassenjiensis 
D'~TICHODONTIDAE Nannocharax niloticus LC 1 1 1 3 
M CHOCIDAE Synodontis afrofischeri LC 1 4 1 1 7 
Synodontis frontosus LC 3 3 8 4 18 
Synodontis schall LC 13 3 7 1 6 30 
Synodontis victon'ae NT 2 2 
MvRMYRIDAE Hyperopisus bebe LC 1 1 
Marcusenius grahami LC 9 2 1 1 1 14 
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Marcusenius nigracans NE 2 3 1 2 8 
Mormyrops anguilloides LC 2 1 3 























Schilbe intermedius LC 21 1 2 2l 
Overall number of individuals 229 264 199 312 201 90 140 143f. 
Number of species 29 26 24 24 18 9 11 40 
4.1.2. Fish Species Diversity 
Generally there was a similar pattern shown by Shannon-Wiever (H) and Margalef 
diversity indices (Table 3). Overall, species diversity decreased from site F01 to site F06 
thus site F01 registered the highest diversity (H=2.71, 0=5.15) while site F06 (H=1.39, 
0=1.78) recorded the least diversity (Table 3 & 2). On the other hand, highest species 
diversity was registered in July (H=2.41, 0=4.07) while August registered the lowest 
(H=1.74, 0=2.65). Sites F05, F06 and F07 were not sampled in the months of April and 
May hence absence of values of species diversity indices. 
Table 3: Fish species diversity and abundance in the seven transects of the Victoria 
Nile/Murchison Nile, MFNP for the period April- September2013. 
Month Species Diversity Index F01 F02 F03 F04 F05 F06 FO? Overall 
April Shanon-Weaver (H) 1.4 1.9 1.4 1.5 2.1 
Margalef(D) 1.5 2.7 1.4 2.3 3.6 
May Shanon-Weaver (H) 2.0 0.8 2.1 2.0 2.4 
Margalef (D) 2.1 2.0 3.2 2.7 3.9 
June Shanon-Weaver (H) 2.2 2.0 1.2 2.0 1.0 1.1 1.4 2.1 
Margalef (D) 3.1 3.2 1.3 2.6 1.5 1.1 1.2 4.0 
July Shanon-Weaver(H) 1.9 1.8 2.2 1.7 1.9 1.0 1.4 2.4 
Margalef (D) 2.7 2.0 3.2 2.3 3.0 1.5 1.6 4.1 
August Shanon-Weaver(H) 1.1 1.6 0.9 0.9 1.3 1.7 1.3 1.7 
Margalef(D) 1.3 1.9 1.3 07 1.6 2.0 1.2 2.7 
September Shanon-Weaver (H) 2.1 2.4 1.6 10 1.4 0.7 1.0 2.4 
Margalef (D) 30 3.6 2.2 1.7 2.2 1.4 14 3.9 
Overall Shanon-Weaver(H) 2.7 2.5 2.4 2.2 1.8 1.4 1.9 2.6 
Margalef (D) 5.2 4.5 4.4 4.0 3.4 1.8 2.0 5.5 
4.1.3 Fish Species Conservation Status 
Out of the 40 fish species (excluding those 8 species ranked 'Not Evaluated') almost 
90% were classified as 'Least Consern' while only two haplochromine cichlids 
(Thorochromis /oati and Thorocochromis wingatl) , one Centropomidae species (Late 
macrophtha/mus) and one synodontidae species (Synodontis victorae) are categorized 
as data deficient(OO), endangered(EN),and near threatened (NT) species respectively. 
The remaining eight species have not yet been evaluated into the IUCN red list 
categories (Table 2 and 4)) 
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Table 4 The number of fish species encountered in each IUCN Red List Category in the 
Nile DeltaNictoria Nile, Ramsar area of MFNP (April- September 2013) 




Endangered 1 1 
Vulnerable 
Near Threatened 1 
Data Deficient 2 
Least Concern 28 
Not Evaluated 8 1 
Overall 40 4 
4.2. Reproductive biology and trophic relationships 
4.2.1 The food and trophic ecology of the fishes 
A total of 833 fish stomachs from 32 fish species have been analyzed for food and only 
65.3% (544) were found to contain food while the 34.7% (289) were empty. Generally, 
three food items (insects. higher plant material (HPM) and fish were consumed by fish at 
all the seven sites. Insects however were the most dominant food for all the fish and 
formed a major food item for B. niloticus, B. nurse, E. niloticus, H. forskahlii, A. 
baremose, A. macrolepidotus, L. macrophthalmus, L. niloticus, M. graham, S. schall and 
S. frontosus where it contributed between 57 - 98.6% of their diets (Table 4).Of the 
insect diet, Chironomids (16%), Ephemeroptra (14%) and Odonata (10%) were the most 
significant as fish food while the unidentified insects referred to as insect remains (Table 
4) contributed 45.6% of the fish insect diet. Fish as a diet category constituted fish eggs. 
fish larvae and the small sized fish species inclUding N. bredoi, B. perince, B. nurse. and 
haplochromines. Algae (49%) and detritus (20.4%) on the other hand were exclusively 
consumed by O. ni/oticus while molluscs were eaten by only two species; S. frontosus 
and S. schall. Three algae taxa (Diatoms. Blue greens and Green algae) constituted the 
major algal diet for O. niloticus. 
Table 5: Fish stomach contents (proportion of food) in diets of fishes in the seven 
transects of the study site (Victoria Nile/Nile Delta. Murchison Falls National Park) for the 
period April- September 2013. 
The major food of key selected fish species by percentage contribution 
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Percentage Contribution 
Species Number Detritus Algae HPM Fish Insects Molluscs 
of fish 
llil 
A/estes baremose 103 24.6 3.3 72.1 
A/estes macro/epidotus 26 28.6 71.4 
Barilius niloticus 147 1.4 98.6 
Brycinus nurse 328 22.3 0.7 no 
Eutropius niloticus 56 10.4 6.3 83.3 
Hydrocynus forskahlii 16 42.9 57.1 
Lates macrophtha/mus 10 25.0 75.0 
Lates niloticus 13 14.3 14.3 71.4 
Marcusenius grahami 12 7.7 92.3 
Oreochromis ni/oticus 15 20.4 49.0 22.4 2.0 6.1 
Schi/be intermedius 24 75.0 25.0 
Synodontis frontosus 22 16.1 9.7 74.2 12.9 
Synodontis scha/l 24 39.3 3.6 57.1 10.7 
4.2.2 Reproductive biology 
4.2.2.1 Sex ratios, sexual maturity and breeding patterns 
Sex ratio was calculated for a total of754fish specimens (Table5) from13 fish species 
(469 April - June and 284 July - September). Generally, there was no systematic 
pattern in sex ratios for all the selected fish species. A few selected species however 
exhibited constant sex ratios through some months. B. nurse showed a 2:1 
(female:male) ratio in the period July to September, 2013, B. ni/oticus a 
1:1(female:male) ratio between May and July 2013while S. frontosus exhibited a 1:1 
(female:male) ratio between April and June. Besides, E. niloticus showed a 3:1 sex ratio 
from April to June and a 1: 1 ratio between July and September, 2013. Between April and 
September, A .baremose did not show a comparable pattern of sex ratios. Although 
information on sex ratios can give an indication of the breeding periods, preliminary 
results for the selected key stone species may not be relied upon to draw conclusions 
due to unpredictable patterns. 
18
 
Survey of fish populations in Nile deltaNictoria Nile in MFNP 
Table 6: The sample sizes (n) and sex ratios of key stone fish species in the seven transects of the Victoria Nile. Murchison 
Falls National Park during April- September 2013. (F = Female. M = Male. and N = number of fish sampled per species for the 
six months) 
April May June July August September 
Species F M N F M N F M N F M N F M N F M N 
A/estes baremose 1 1 5 1 3 4 1 2 21 1 5 15 1 10 44 2 1 15 
A/estes 1 0 11 3 1 4 1 2 6 
macro/epidotus 
Barilius niloticus 1 3 58 1 1 46 1 1 29 1 1 14 
Brycinus nurse 2 1 40 1 2 32 3 1 123 2 1 55 2 1 47 2 1 30 
Eutropius niloticus 2 1 17 3 1 13 3 1 4 1 1 20 1 1 2 
Hydrocynus forskahlii 1 6 1 1 2 3 1 4 
Lates 1 2 1 2 5 
macrophtha/mus 
Lates niloticus 1 1 2 
Marcusenius grahami 1 1 2 1 1 10 
Oreochromis ni/oticus 3 1 5 1 2 5 
Schilbe intermedius 1 1 15 
Synodontis frontosus 1 1.5 5 1 1 14 1 1 2 
Synodontis schall 2 1 3 1 3 8 1 1 8 
Preliminary results for four selected fish species indicated that all the fish with the exception Schilbe intermedius were capable 
of spawning through the months sampled but have peaks between June and September (Figure 4). This pattern already starts 
giving an indication that a period between June -September could be the breeding season for these species. Schilbe 
intermedius did not got give a clear pattern due to the small sample sizes and will be removed from subsequent analyses. 
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Figure 4: Maturity stages of five selected fish species from seven transects along the 
Victoria Nile/Nile Delta area of Murchison Falls National Park (April-September 2013) 
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4.2.2.1. Fish breeding sites 
A total of 13 fish breeding sites were identified and mapped (Figure 4, Annex 2) for the 
period April to June 2013 and they were found to coincide with presence of high 
populations of juvenile fish, physical presence breeding nests for those species e.g. Nile 
tilapia that prepare nests at the sandy bottomed inshore waters for egg deposition, and 
dominance of shoreline vegetation (Papyrus sp and Vossia sp) believed to be 
associated with high fish populations. More information on habitats of fish populations 
was collected from all the seven sites in Zippers 1 and 2 for the period covering July to 
September by use of a newly acquired modem fish finder (Humminbird echo-sounder). 
An output map was however not produced due to delays in delivery of the software used 
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Figure 5: A map showing the location of fish breeding sites and habitats on the Victoria 
Nile/Murchison Nile Delta, June 2013 (Coordinates used to draw this map Annex 2). 
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4.2.2.2. Fecundity (Egg production) 
The mean fecundity of the few fish species that had ripe gonads varied generally with 
size and there was no noticeable variation in mean fecundity across months for those 
fish species whose fecundities were determined for more than one month, suggesting 
that fecundity is entirely size and species specific (Table 6). Generally, fish species that 
mature to large sizes <:25 cm (A. baremose, B. docmak, H. forskah/ii, E. niloticus, L. 
horrie and B. bynm) had higher mean fecundities than species that grow to small sizes < 
100 mm Some (B. nurse). Both L. home (581,977) and B. bynni (125,762) recorded the 
highest mean fecundities due to their large size and heavy gonad weights while A. 
occidenta/is (2,630) and S. schall (3,864) recorded the least mean fecundities (Table 6). 
Some species however were not caught in sizes that had reached maturity and were too 
few to provide a realistic fecundity. Generally, larger fish in both weight and length had 
higher mean fecundities than their smaller counterparts. For example, E. niloticus of 75 
grams by weight and in the range of 19-23 centimetres by length had mean fecundity of 
27,627 eggs in April compared to the 37,851 eggs of fish weighing 222 grams and 
measuring 26-27 centimetres in length in May (Table 6). Fishes that mature to large 
adult sizes were also found to have higher mean fecundities namely E. niloticus 
(37,851), S. intermedius (14,667) and S. frontosus (29,770) than the ones that mature at 
smaller sizes e.g. B. nurse (2600). There was no noticeable variation. 
Table 7: Table 4.5: Mean fecundity (Number of ripe eggs) of selected fish species in the 
seven transects of the Victoria Nile/Nile Delta, Murchison Falls National Park for the 
period April to September2013. (n = number of fish whose gonads were examined for 
fecundity) 
Species Number of Length (em) Average No. of AverageWt 
Fish {Ill ews of gonad 
A/estes baremose 6 14.2 - 36.3 19,157 7.71 
Auchenoglanis occidenta/is 2 33.3 - 33.9 2,630 1505 
Bagrus docmak 1 90.5 77,286 116.8 
Barbus bynni 1 56.5 125,762 35.41 
Brycinus nurse 61 6.8 - 12.5 8,199 3.13 
Eutropius niloticus 12 19.3 - 31.9 44,175 17.66 
Hydrocynus forskahlii 3 19.8 - 40.2 50,622 11.99 
Labeo home 1 59 581,977 556.66 
Marcusenius grahami 1 19.2 7,041 3.1 
Schilbe intermedius 7 13.8 - 22.5 14,005 4.2 
Synodontis frontosus 2 41.1 - 41.6 29,770 54.25 
Synodontis schal/ 5 13.5 -17.0 3,864 2.5 
4.3 Fisheries and livelihoods 
4.3.1. Fishing factors (effort)
 
A total of 217 active fishing boats (table. 6) were recorded at the two landing sites most
 
of them manually propelled and dominated by the Congo barque type (almost 100%).
 
The fishing gears were dominated by gill nets (47%) and small seines using light (45%).
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The other fishing gears included long line hooks, basket traps, cast nets and hook and 
line. It was noted that some fishermen did not own boats but borrowed or hired boats 
from their colleagues to go fishing especially those using cast nets, basket traps and 
hook and line. On average each of the boats employs 2-3 fishers and these fishing 
gears and other fishing inputs are supplied by people who may not necessarily be 
fishermen (traders) but earn their living by that activity. 
Table 8: Composition of the fishing gear in the two sampled landing sites in the vicinity 
of the Victoria Nile delta, MFNP (April - September, 2013) (CB = Congo barque; SF = 
Ssesse flat; DO = Dug out; GN = Gill net, CN = Cast net, HL = Hook and line; LL = Long 
line hooks; SS = small seines and TR = Basket traps). 
Method of boat Propulsion Gear - Vessel Combination No. of boats 
Outboard engine CB-GN 5 
SF-GN 1 








4.3.2. Catch per Unit of Effort (CPUE) in Commercial catch 
A total of 31 fish species belonging to 12 families have so far been encountered in the 
commercial catch for the period April to September, 2013 compared to the 25 species 
belonging to 11 by June 2013 (Table 8). Of these, 62.5% (25 species) have already 
been recorded in the experimental catch from the Victoria Nile, MFNP. Close to 40% Of 
the species were recorded in each survey signalling their importance to the local 
livelihoods. Four species were also recorded for the first time in the commercial catch 
since the beginning of the surveys Le. N. bredoi (August), L. cubie (August to 
September), H. bebe and A. macrolepidotus (September). Catch rates expressed as 
catch per unit of effort (CPUE) showed a fluctuating pattem within the months from April 
to September, 2013 (Table 8). These variations are a true representation of the 
dynamics in fisheries caused by seasonal variations. Generally, the months of August 
and September registered the lowest CPUE for all the species and this may be 
explained by the dry spell in these months. Despite the variations however, both B. 
nurse and B. bynni overall maintained fairly higher CPUE over the entire sampling 
period. The high CPUE of L. niloticus (22 Kg/boat/day), B. nurse (171 Kg/boat/day) and 
O. /eucostictus (10.7 Kg/boat/day) in April 2013 could be attributed to the high influx of 
fishers targeting these species due to high catches and returns. The reductions in the 
CPUEs of B. nurse from 171 Kg/boat/day in April t03.40 Kg/boat/day and 20.8 
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Kg/boat/day in the subsequent months could be explained by variations in both the lunar 
phase given that high catches are realized during the dark phase. 
Table 9Trends of CPUE (kg/boats/day) in commercial fish species at Wanseko and Abok 
landing sites Nile Delta (April-September 2013) 
CPUE (Kg/boat/day) 
Family Species April May June July August September 
Alestidae Alestes baremose 0.93 0.19 1.25 2.78 0.96 1.60 
Alestes macrolepidotus 0.02 
Brycinus nurse 171.05 3.40 20.75 12.03 14.85 6.29 
Hydrocynus forskahlii 1.88 0.13 1.94 1.70 0.96 0.76 
Bagridae Bagrus bajad 1.14 0.75 0.18 0.95 0.29 0.07 
Bagrus docmak 0.77 - - 3.07 
Centropomidae Lates niloticus 5.52 22.23 0.70 8.30 0.57 0.85 
Lates macrophthalmus 0.20 0.89 0.22 7.50 0.06 0.01 
Cichlidae Oreochromis leucostictus 10.71 0.03 7.72 6.45 0.87 0.17 
Oreochromis niloticus 4.13 0.33 4.08 3.45 0.30 0.32 
Tilapia zilli - 0.11 0.01 0.25 000 
Clariidae Clarias gariepinus 0.31 - 0.39 3.38 0.10 0.27 
Citharinidae Disticodus niloticus 0.55 0.28 3.81 4.00 0.23 0.78 
Cyprinidae Barbus bynni 3.76 1.22 6.57 11.57 3.38 3.31 
Labeo coubie 0.04 0.21 
Laboo forskahlii 0.13 0.93 - 1.23 0.08 0.01 
Labeo horrie 002 0.40 2.01 1.47 0.10 0.02 
Neibola bredoi 0.37 
Polypteridae Protopterus aethiopicus - - 3.06 0.38 050 
Claroteidae Auchenoglanis occidentalis 0.04 1.99 0.13 1.01 0.06 0.03 
Mochocidae Synodontis afrofischeri 0.02 - 0.03 0.06 0.01 0.01 
Synodontis frontosus - 0.02 0.20 1.63 1.06 0.04 
Synodontis schall 2.03 - 0.40 065 0.24 0.22 
Synodontis victoriae 0.48 3.67 0.17 0.25 
Mormyridae Hyperopisus bebe 0.04 
Mormyrops anguilloides - 1.36 - 0.75 0.06 0.09 
Mormyrus macrocephalus 23.04 0.05 0.30 0.02 
Mormyrus kannume 0.43 1.00 - 0.95 0.05 0.04 
Mormyrus niloticus - 0.44 0.08 0.02 
Gnathonemus victoriea 0.04 0.10 - 0.02 0.03 
Malapteruridae Malapterurus electricus - 0.15 1.35 20.30 0.83 2.00 
Domestic consumption - 0.42 0.45 2.80 039 0.03 
Overall Total 227.6 43.9 55.6 96.4 0.39 17.7 
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4.3.3. Monthly fish estimates of commercial catch (tones) and values (Ug.Shs) 
Total monthly catches in the commercial fishery landed by fishers were calculated for a 
period of six months between April and September 2013, spread in to quarter one (April 
to June) and quarter two (July to September). Generally, there were variations in total 
monthly catches between the months and quarters. Such variation occurs in exploited 
natural resources especially fisheries that are influenced by seasonal changes. The 
sharp variations in the monthly catches of B. nurse could be partly responsible for the 
general observed trends in monthly catches. The month of April recorded the highest 
monthly catches while May registered the lowest. Overall, a total of 938.6 tonnes (t) of all 
fish species combined was harvested in the six months period (Table 9). There was a 
7.6% improvement in catches from 433.8 t in quarter one to 504.8 t in quarter two. B. 
nurse dominated the commercial catch for all the sampled months except May. This is 
due to the number of fishing units targeting this fishery and the importance attached to it 
by the fishers. The other species that contributed significantly to the commercial catches 
included B. bynni, L. niloticus, H. forskahlii, A. baremose and D. niloticus (Table 9). A 
total of 25 species recorded in the commercial catch represent 62.5% of fish species 
recorded in the experimental sites in the Victoria Nile, MFNP indicating the importance of 
the river in the life cycle of most of the species and subsequent importance to livelihoods 
of the riparian fisher communities. Although there were monthly variations in quantities 
of fish consumed at household level, the average quantity of fish utilized for nutrition at 
beaches in the period five months (May to September) was close to 9 t, representing an 
average of 1.8 t per month (Table 9). The amount of fish consumed was dependent on 
the total monthly catches thus when monthly yields were high, household fish 
consumption also increased. 
Table 10: Estimates of fish catches (t) at Murchison-Nile Delta for the two quarters (April 
- June and July September 2013) sampled 
Family Fish species	 Apr- Jul - Overall 
June Sept 
Alestidae A/estes baremose 5.0 19.4 24.4 
A/estes macro/epidotus 0.1 0.1 
Brycinus nurse 323.2 266.5 589.7 
Hydrocynus forskah/ii 8.5 20.0 28.5 
Bagridae Bagrus bajad 4.6 2.2 6.8 
Bagrus docmak 1.7 0.5 2.2 
Centropomidae Lates niloticus 290 44.4 73.3 
Lates macrophtha/mus 2.9 13.9 16.8 
Cichlidae Oreochromis /eucostictus 1.0 1.1 2.2 
Oreochromis niloticus 1.2 1.0 2.2 
Tilapia zi/li 0.3 0.0 0.3 
Thoracochromis /oati 8.5 8.5 
Clariidae C/arias gariepinus 1.3 1.3 2.7 
Citharinidae Disticodus niloticus 3.9 16.0 19.9 
Cyprinidae Barbus bynni 23.6 64.9 88.5 
Labeo coubie 1.0 1.0 
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Labeo forskahlii 0.7 4.1 4.8 
Labeo horrie 1.5 6.3 7.8 
Neibola bredoi - 3.1 3.1 
Polypteridae Protopterus aethiopicus 0.5 1.8 2.3 
Claroteidae Auchenoglanis 4.8 1.3 6.2 
occidentalis 
Mochocidae	 Synodontis afrofischen· 0.1 0.2 0.3 
Synodontis frontosus 0.5 6.0 6.5 
Synodontis schall 0.9 3.3 4.2 
Synodontis victoriae 1.2 0.0 1.2 
Mormyridae	 Hyperopisus bebe - 0.1 0.1 
Marcusenius nigracans 0.3 - 0.3 
Monnyropsangumoides 0.4 0.8 1.2 
Monnyrus 3.8 0.1 3.9 
macrocephalus 
Monnyrus kannume 1.0 4.9 5.9 
Monnyrus niloticus 0.4 0.1 0.5 
Gnathonemus victoriae - 0.2 0.2 
Malapteruridae Malapterurus electricus 0.4 9.6 10.0 
Others 1.0 3.7 4.7 
Domestic consumption 1.6 6.9 8.5 
Overall Total	 433.8 504.8 938.6 
The total yield of 938.6 t of fish (April - September, 2013) at the two landing sites in the 
vicinity of the Murchison Nile valued at 1.8 billion Uganda shillings (680,000 USD) 
illustrates the significance of the river to livelihoods of the riparian communities in terms 
of income and nutrition. Monthly gross beach values showed a trend of fluctuation 
similar to that of monthly fish catches indicating that economic yields from fisheries are 
dependent on the catch (Table 10). The economic yield from fisheries resources in the 
vicinity of the Victoria Nile delta gives a measure of the contribution of fisheries 
resources to local livelihood and the national GOP. 
Table 11: Gross monthly beach value ('000 UShs) of commercial fish catches at 
Wanseko and Abok Fish Landing Sites for the two quarters (April- June and July 
September 2013) sampled. 
Family	 Fish species Apr-June Jul- Sept Overall 
Alestidae	 Alestes baremose 25,135 114,184 139,319 
Alestes macrolepidotus - 163 163 
Brycinus nurse 329,540 242,847 572,387 
Hydrocynus forskahlii 35,693 57,246 92,940 
Bagridae	 Bagrus bajad 8,278 5,863 14,140 
Bagrus docmak 3,481 1,263 4,744 
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Centropomidae	 Lates niloticus 108,107 170,767 278,874 
Lates macrophthalmus 6,341 55,108 61,449 
Cichlidae	 Oreochromis leucostictus 1,644 1,431 3,075 
Oreochromis niloticus 3,055 2,587 5,642 
Tilapia zilli 335 61 396 
Clariidae Clarias gariepinus 4,862 3,561 8,423 
Citharinidae Disticodus niloticus 16,977 60,221 77,198 
Cyprinidae Barbus bynni 108,445 281,395 389,841 
Labeo coubie 4,051 4,051 
Labeo forskahlii 2,720 1,585 4,305 
Labeo horrie 5,073 777 5,850 
Neibola bredoi 2,076 2,076 
Polypteridae Protopterus aethiopicus 1,031 3,328 4,359 
Claroteidae Auchenoglanis 3,927 1,998 5,924 
occidentalis 
Mochocidae	 Synodontis afrofischeri 104 235 339 
Synodontis frontosus 518 14,325 14,843 
Synodontis schall 1,851 8,587 10,438 
Synodontis victoriae 710 58 768 
Mormyridae	 Hyperopisus bebe 431 431 
Mormyrops anguilloides 2,720 1,268 3,988 
Mormyrus 7,627 267 7,895 
macrocephalus 
Mormyrus kannume 3,483 10,076 13,559 
Mormyrus niloticus 1,563 347 1,911 
Gnathonemus victoriea 434 446 881 
Malapteruridae Malapterurus electricus 856 17,846 18,702 
Others 1,524 6,605 8,129 
Overall Total 686,033 1,071,004 1,757,037 
5.0. Discussion 
Most fish species encountered in the Victoria Nile/Nile Delta, Murchison Falls National 
Park are typical of Lake Albert fish fauna and very few namely Mormyrus spp, 
Synodontis spp. and Schilbe spp were typical of Lake Victorian fauna (Greenwood, 
1966, Worthington, 1929). The importance of the Victoria Nile/Nile Delta areas under 
study is illustrated by the high diversity of the fish species encountered. The 40 fish 
species so far recorded in the area represented more than 80% of the 48 fish species 
recorded in Lake Albert and > 30% of those recorded in the entire River Nile system 
(Wandera and Balirwa 2010, Table 12). 
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Annex 12: Number of fish species in the River Nile (White and Blue), Lake Albert and Victoria 
Nile/Murchison Nile. (Worthington 1929; Holden, 1967; Beadle, 1974; Modified from Witte 
2009). 
Fish families River Nile I Lake Albert Victoria 
I, Nile/Murchison Nile, 
MFFNP 
Protopteridae 2 1 -
Polypteridae 3 1 1 
Anguilidae 1 - -
Clupeidae 1 - -
Osteoglossidae 1 - -
Notopteridae 1 - -
Mormyridae 15 7 5 
Gymnarchidae 1 - -
Kneriidae 1 - -
Alestiidae 8 5 5 
Distichodontidae 7 - 1 
Citharinidae 2 4 1 
Cyprinidae 25 5 9 
Balitoridae 1 - -
Bagridae 6 3 2 
Schilbeidae 5 2 2 
f--c---
Amphiliidae 1 - -
Clariidae 7 2 2 
Malapteruridae 1 1 -
Mochokidae 15 3 4 
Cyprinodontidae 7 2 1 
Channidae 1 - -
Centropomidae 2 2 2 
Eleotridae 1 - -
Cichlidae 10 10 4 
Anabantidae 2 - -
Mastacembelidae - -
Tetraodontidae 1 - -
Claroteidae - 1 
I Total (29) 128 48 40 
Although majority (28) of the fish species encountered, fall under the Least Concem 
(LC) category according to the IUCN red list, one species (L. macrophthalmus) is 
endangered while another (8. victoriae) is near threatened. In addition, nine out the LC 
and NE species were encountered only once indicating they are rare and may be getting 
threatened in this locality. This is particularly important for those that are endemic to 
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Albertine system such as L. macroptha/mus, N. bredoi, Thoracochromis /oati and T. 
wingati. If they are endemic to the system and become rare, it implies their conservation 
status has to be re-evaluated. One of the encountered species (Nanocharax ni/oticus) 
from the family Distichodontidae was recorded for the first time in this area and is known 
only from two specimens obtained in our survey but is known to inhabit vegetated 
running waters of the River Nile (Daget and Gosse, 1984; Bailey, 1994). 
The high number of the "List concern" species is explained by the fact that most parts of 
the areas are protected by law and thus there has been little impact from agriculture, 
industrial and urban development. However the current trend may reverse given the 
emerging oil exploration and development and associated activities are likely to threaten 
the fish species. The presence of 'Data deficient' and 'not evaluated' IUCN categories 
underscores the urgent need for additional monitoring to provide accurate assessment 
of the current fish conservation status in the area. Before the suggested surveying and 
monitoring is implemented it is largely evident that some fish species face significant 
threats. 
This study has demonstrated that most of the commercial fish species use the river 
entirely or at least in part of their life history. It is not possible to give definite figures on 
fish standing biomass in the sampled area but catch rates (Catch per unit of effort) give 
an indication of stock size. The current rates therefore provide a basis for which future 
comparative assessments of stocks at different periods and transects can be done. The 
higher spatial and temporal variation in fish diversity in transects was most likely due to 
the high complexity of habitats ranging from islands, by change in velocity 
characteristics of the river, lunar cycles, vegetated bays or slow running water along 
banks and most importantly rainfall patterns. 
The current study already provides a quick indication of the ecology of the fish species in 
the Victoria Nile/Nile Delta. It is already clear that the fishes that mature at small adult 
sizes were common along the inshore areas of the river close to vegetated areas which 
agrees with a general rule that the number of species increase from the source to the 
mouth of the river (Hynes, 1970). In this study however this general rule is not yet 
clearly exhibited due to the inherit practical difficulties that are often encountered with 
fishing gear manipulation especially setting gill nets in running waters and breakdown of 
an electric fisher in some transects. 
Apart from the Cichlids that fed exclusively on algae and detritus, insects formed the 
major food item in the diet of most fish species across all the sites surveyed. The 
implication is that majority of the commercial fishes inhabiting these site are 
insectivorous. Organisms that are insectivorous rarely have significant alternative food 
sources other than their main diet. It could be catastrophic if the ecology of the habitat 
and food web is altered resulting in reduced insect abundance. It is therefore important 
that any seismic activities that could alter the functioning and health of the aquatic 
system should be limited to areas away from these fragile habitats. However, most 
fishes have been described as labile and not specific to the diet they consume (Lagler, 
1977). For instance Brycinus nurse diet was dominated by insects but also included 
higher plant material, algae and even fish e.g. in transect F01 where one individual of B. 
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nurse fed on exclusively fish prey. In fact Brycinus nurse has been classified by earlier 
studies in Nigeria as omnivorous (Saliu, 2001). It is only such species that are likely to 
survive in a disturbed environment. Examples where systems have changed and only 
omnivorous groups survived include the large Lake Victoria where changes in algal 
composition accelerated reduction in native tilapia favouring introduced Nile tilapia. 
In the two transects where E. ni/oticus was encountered with food in the stomachs fed 
largely on insects dominated by Odonata, Povilla adusta and in one transect fish 
contributed to the diet of the species. Similar observations have been recorded in this 
fish species in Lake Kainja (Olatude, 1978).On the other hand Schi/be intermedius 
exclusively fed on fish prey. Even though these data are preliminary, many studies have 
shown that some fish select their prey depending on size (e.g. Werner and Hall, 1974) 
while other factors such as abundance of prey species and the relative distributions of 
predator and prey (e.g. Griffiths, 1973) playa role. 
Although the profiling of the strata and habitat of fish populations in the study area is not 
complete, preliminary analyses indicate the vegetated inshore areas including calm 
bays, river and stream inlets and island zones appear to harbour high diversities of fish 
Uuveniles and breeding stock). Such areas are candidate sites to map and zone for 
avoidance during seismic and oil exploration related activities. A detailed list and map of 
such areas will be provided in the next report when data analyses are complete. 
The direct and indirect contributions of fisheries to livelihood of communities in the 
vicinity of the delta cannot be underestimated. Fisheries provide livelihood through 
employment (boat/net repairs, retail shops around the beaches, fish trade, fish 
processing, transport, food stalls), and food security (nutrition). It is therefore important 
that activities related to oil exploration be implemented with utmost precaution to 
preserve the fish habitat and minimise impact on the fisher depended livelihoods. 
Other Achievements 
1.	 The Contactors presented on two occasions to Total E &P Uganda, at their Offices in 
Kampala on the progress of fish population studies and key findings from surveys 
conducted in the period April to September 2013 
2.	 A smaller boat appropriate for operating in the shallow vegetated inshore areas was 
provided by TOTAL E & P and has improved on data collection in those areas where 
the larger boat could not reach. 
3.	 Six additional fish species were recorded at sites (F02, F03, F05 and F07) for the first 
time (July to September, 2013) since the beginning of fish population studies in the 
area 
Major Constraints/challenges 
1.	 Continuous tear and damage to experimental fishing equipment caused by the 
SUbmerged logs was a major challenge that disrupted fishing experiments and could 
have hindered data collection at some specific locations. This also demanded for 
periodic repairs and replacement of damaged equipment. 
30 
Survey of fish populations in Nile deltalVictoria Nile in MFNP 
2.	 Delays in the delivery of the software for analysis of GIS data on fish populations and 
their habitats by the contracted supplier has delayed production of the much needed 
outputs 
Way forwardlmitigation measures 
1.	 NaFI RRI is following up the supply of the said software in order to provide outputs on 
fish populations and their habitats for avoidance advice. 
2.	 NaFIRRI has and will continue to periodically undertake repairs and replacement of 
damaged experimental equipment for smooth continuity of fishing surveys. The 
research team is already undertaking surveys for the month of October, 2013. 
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Annexes: 
Annex 1: Catch per unit of effort (Number/gear/30 minutes) of fish species for all gears 
pooled in the sevensites of the Victoria Nile, Murchison Falls National Park during (April ­
September 2013). 
Number of Fish 
Quarter One Quarter two 
Site Family Fish species April May June JUly August September 
F01 Alestidae A/estes baremose 7 4 5 4 
A/estes dentex 3 
A/estes macrolepidolus 2 3 1 1 
Brycinus nurse 12 8 9 11 13 5 
Hydrocynus forskahlii 1 2 1 
Bagridae Bagrus bajad 1 1 1 
Bagrus docmak 3 1 
Centropomidae Lates macrophtha/mus 2 
Lates niloticus 1 1 1 
Cichlidae Oreochromis ni/oticus 1 1 
Thoracochrom;s loat; 6 12 1 
Cyprinidae Barbus a/tiana/is 1 
Barbus bynn; 1 1 
Barbus kersteni 3 
Barilius niloticus 1 
Labeo coubie 1 
Neobola bredo; 18 
Garra johnstoni 1 
Cyprinodontidae Aplocheilichthys 1 
kassenjiensis 
Mochocidae Synodontis afrofischeri 1 
Synodonlis frontosus 1 2 
Synodonlis schall 13 
Synodontis victoriae 2 
Mormyridae Marcusenius grahami 9 
Marcusenius nigracans 2 
Polypteridae Po/ypterus senega/us 5 3 
Schilbeidae Eutropius nilolicus 2 9 2 
Schilbe intermedius 15 6 
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Claroteidae Auchenog/anis 4 
occidenta/is 
F02 Alestidae A/estes baremose 1 1 4 9 4 2 
A/estes macro/epidotus 9 3 5 
Brycinus nurse 5 3 23 3 1 6 
Hydrocynus forskahlii 1 1 
Bagridae Bagrus docmak 1 
Centropomidae Lates maerophtha/mus 1 1 
Lates niloticus 1 1 
Cichlidae Oreochromis niloticus 3 
Thoracochromis /oati 14 4 7 2 
Thoracochromis wingatii 7 4 
Clariidae Clarias gariepinus 1 
Cyprinidae Barbus bynni 1 1 
Barbus perinee 1 2 2 
Barilius niloticus 75 4 
Neobo/a bredoi 4 
Cyprinodontidae Ap/ocheilichthys 11 1 
kassenjiensis 
Mochocidae Synodontis afrofischeri 1 3 
Synodontis frontosus 1 2 
Synodontis schall 1 1 1 
Mormyridae Marcusenius grahami 2 
Mareusenius nigracans 1 1 1 
Mormyrus kannume 1 
Polypteridae Po/ypterus senega/us 1 1 2 2 
Schilbeidae Eutropius niloticus 7 1 1 
Schilbe intermedius 1 
Claroteidae Auchenog/anis 1 1 
occidentalis 
F03 Alestidae A/estes baremose 3 3 7 3 
A/estes macrolepidotus 3 
Brycinus nurse 15 11 5 14 1 3 
Hydrocynus forskahlii 4 1 
Centropomidae Lates niloticus 3 
Cichlidae Oreochromis 1 
/eucostictus 
Oreochromis niloticus 2 
Thoracochromis /oati 4 31 1 1 1 
Thoracochromis wingatii 8 
Cyprinidae Barbus bynni 1 
Barbus perince 1 1 
Barilius ni/oticus 10 6 12 
Cyprinodontidae Ap/ocheilichthys 5 5 1 
kassenjiensis 
Distichodontidae Nannocharax niloticus 1 
Mochocidae Synodontis frontosus 7 1 
Synodontis schall 1 3 1 2 
Mormyridae Hyperopisus bebe 1 
Marcusenius grahami 1 
Marcusenius nigracans 1 
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MormyropsanguWomes 2 
Polypleridae Po/ypterus senega/us 1 4 
Schilbeidae Eutropius ni/oticus 2 1 






F04 Aleslidae	 A/estes baremose 4 3 5 9 1 
A/estes dentex 6 
A/estes macrolepidotus 1 5 1 1 1 
Brycinus nurse 18 9 7 3 10 5 
Hydrocynus forskah/ii 3 2 
Cenlropomidae	 Lates macrophtha/mus 1 
Lates ni/oticus 1 1 1 
Cichlidae	 Oreochromis ni/oticus 1 
Thoracochromis /oati 17 10 5 12 
Thoracochromis wingatii 5 5 22 
Cyprinidae	 Berbus bynni 2 
Barbus perince 1 
Barilius niloticus 77 18 1 1 
Neobo/a bredoi 2 
Cyprinodonlidae	 Ap/ocheilichthys 6 2 1 
kassenjiensis
 
Dislichodonlidae Nannocharax ni/oticus 1
 
Mochocidae Synodontis afrofischeri 1
 
Synodontis frontosus 4 
Synodontis schall 1 
Mormyridae	 Marcusenius grahami 1
 




Polypteridae Po/ypterus senega/us 1 1 1 9
 
Schilbeidae Eutropius niloticus 3
 
F05 AJeslidae	 A/estes baremose 1 2 1 2 
A/estes macro/epidotus 1 3 
Brycinus nurse 42 25 10 38 
Hydrocynus forskah/ii 1 1 1 
Cenlropomidae	 Lates macrophtha/mus 3 2 
Lates niloticus 1 
Cichlidae	 Oreochromis niloticus 6 3 1 
Thoracochromis /oati 1 8 7 
Thoracochromis wingatii 7 1 
Citharinidae Disticodus ni/oticus 1 
Clariidae C/arias carsonii 1 
Cyprinidae Barbus kersteni 1 
Barbus perince	 1 8 
Labeo forskahlii 1
 
Dislichodonlidae Nannocharax niloticus 1
 
Mochocidae Synodontis afrofischeri 1
 
Synodontis schall 6 
Polypleridae Polypterus senega/us 1 1 
Schilbeidae Eutropius niloticus 10 
FOG Aleslidae	 A/estes baremose 2 1 5 1 
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Brycinus nurse 23 22 8 
Centropomidae Lates ni/oticus 1 
Ciehlidae Thoraeochromis wingatii 2 3 3 
Cyprinidae Barbus perinee 9 1 
Labeo coubie 1 
Mormyridae Marcusenius grahami 1 
Polypteridae Po/ypterus senega/us 1 2 2 
Sehilbeidae Eutropius nilotieus 1 1 
F07 Alestidae A/estes baremose 19 3 13 2 
Brycinus nurse 18 8 8 
Ciehlidae Oreochromis nilotieus 4 
Thoracoehromis /oati 1 24 
Thoraeoehromis wingatii 1 1 
Cyprinidae Barbus perinee 6 
Bari/ius nilotieus 20 1 
Labeo home 1 
Polypteridae Po/ypterus senega/us 1 1 2 
Sehilbeidae Eutropius nilotieus 4 
Claroteidae Auehenog/anis 2 
oeeidentalis 
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Annex 2: GPS locations of the potential breeding sites identified and mapped in the 
seven transects of the Victoria Nile, Murchison Falls National Park 
Site Latitude Longitude Y X Altitude Vegetation depth Bottom 
type 
81 2.2310510 31.4491890 246690.3 327542.4 622.6 Papyrus 1.00 Sandy 
81 2.2312210 31.4495630 246709.0 327584.0 623.3 Typha 
81 2.2306660 31.4511560 246647.5 327761.1 624.4 Forest cover 
81 2.2306200 31.4544620 246642.0 328128.8 622.3 Sedges, 
Vossia 
82 2.2320680 31.4616570 246801.3 328929.3 620.7 Vossia 
82 2.2314520 31.4604550 246733.3 328795.5 623.1 Vossia 1.00 Sandy 
82 2.2322180 31.4629050 246817.7 329068.2 622.9 Typha,Forest 
83 2.2353560 31.4676780 247164.2 329599.4 619.0 Forest cover 2.50 Sandy 
83 2.2358360 31.4683180 247217.2 329670.7 625.4 Vossia 
83 2.2364450 31.4688780 247284.4 329733.0 626.5 Papyrus 
84 2.2466510 31.4780220 248411.9 330751.3 623.5 Vossia 3.50 Sandy 
84 2.2473160 31.4788150 248485.3 330839.6 624.4 Forest cover 150 Sandy 
84 2.2479200 31.4796420 248552.0 330931.6 624.2 Papyrus 
85 2.2533310 31.4891310 249149.2 331987.7 625.1 Forest cover 
85 2.2538980 31.4893930 249211.8 332016.9 620.7 Vossia 
85 2.2534420 31.4922870 249161.1 332338.7 622.1 Ambach trees 
85 2.2531470 31.4936870 249128.3 332494.4 621.6 Cyperus spp 
85 2.2526380 31.4942840 249072.0 332560.8 620.1 
86 2.2524920 31.4972870 249055.5 332894.8 622.7 Papyrus 2.50 Sandy 
86 2.2525040 31.4975930 249056.8 332928.8 624.1 Vossia 
86 2.2524410 31.4991020 249049.6 333096.6 624.5 Typha 
86 2.2524920 31.4998680 249055.2 333181.9 6235 Ambach trees 
86 2.2525300 31.5004010 249059.3 333241.1 622.1 Forest cover 
86 2.2524510 31.5010550 249050.5 333313.9 624.5 Sedges,Vossia 
86 2.2523220 31.5018800 249036.2 333405.6 623.9 Cyperus spp 
86 2.2522650 31.5025140 249029.8 333476.1 623.0 Cyperus spp 
86 2.2520340 315041320 249004.1 333656.1 623.2 Cyperus spp 
86 2.2519480 31.5047180 248994.5 333721.2 621.5 Cyperus spp 
86 2.2519150 31.5055170 248990.7 333810.1 621.5 Cyperus spp 
86 2.2519470 31.5063100 248994.2 333898.3 620.0 Cyperus spp 
86 2.2520790 31.5071070 249008.7 333987.0 623.2 Cyperus spp 
86 2.2522080 31.5076540 249022.9 334047.8 623.0 Cyperus spp 
86 2.2525690 31.5101400 249062.5 334324.4 623.3 Cyperus spp 
86 2.2528010 31.5114450 249088.0 334469.6 622.3 Cyperus spp 
86 22530640 315135160 249116.9 334700.0 622.4 Cyperus spp 
86 2.2532330 31.5142770 249135.5 334784.6 624.1 Cyperus spp 
86 22535450 31.5151470 249169.9 334881.4 622.1 Cyperus spp 
86 2.2537650 31.5159710 249194.1 334973.1 6201 Cyperus spp 
86 2.2542100 31.5174250 249243.1 335134.9 621.9 Cyperus spp 
87 22544120 31.5181710 249265.4 335217.9 622.7 Papyrus >1.0 
87 2.2546150 31.5188530 249287.8 335293.7 622.2 Cyperus spp 
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87 2.2553240 31.5201140 249366.0 335434.1 620.8 Cyperus spp 
87 2.2555910 31.5208070 249395.5 335511.2 623.0 Cyperus spp 
87 2.2565430 31.5224610 249500.5 335695.3 618.9 Cyperus spp 
87 2.2567860 31.5227520 249527.4 335727.7 619.4 Cyperus spp 
87 2.2572730 31.5232540 249581.2 335783.6 621.1 Cyperus spp 
87 2.2580280 315238550 249664.6 335850.5 624.0 Cyperus spp 
87 22585210 31.5241450 249719.0 335882.8 625.0 Cyperus spp 
87 2.2592270 31.5246940 249797.0 335943.9 623.9 Cyperus spp 
87 2.2599090 31.5249260 249872.4 335969.8 624.3 Cyperus spp 
87 22603370 31.5248820 249919.7 335965.0 622.2 Cyperus spp 
87 2.2610900 31.5247880 250003.0 335954.6 621.4 Cyperus spp 
Streams 2.2707460 31.5332000 251069.7 336891.3 623.9 Savanah >5.0 
Streams 2.2718820 315342680 251195.2 337010.2 620.7 Savanah 
Streams 2.2738120 31.5354250 251408.5 337139.1 623.8 Savanah 
88 2.2761560 31.5381560 251667.3 337443.1 621.1 Vossia 2.00 
88 2.2763910 31.5384010 251693.3 337470.4 621.1 Forest cover 
88 2.2773340 31.5395340 251797.4 337596.5 623.1 Cyperus spp 
Streams 2.2773980 31.5395530 251804.5 337598.7 622.4 Papyrus 
88 2.2778260 31.5401060 251851.8 337660.2 624.5 Vossia <2.0 
88 2.2779870 31.5402230 251869.5 337673.3 623.5 Forest cover 
88 2.2784160 31.5405120 251916.9 337705.4 623.5 Forest cover 
88 2.2790400 31.5411150 251985.9 337772.6 623.6 Forest cover 
88 2.2792540 31.5413760 252009.5 337801.6 623.1 Forest cover 
88 2.2795160 31.5416980 252038.4 337837.5 623.5 Forest cover 
88 22797030 31.5419630 252059.1 337867.0 623.3 Forest cover 
88 2.2802890 31.5427960 252123.8 337959.7 625.0 Forest cover 
88 2.2804750 31.5431040 252144.3 337994.0 624.5 Forest cover 
88 2.2806850 31.5434380 252167.5 338031.1 624.2 Forest cover 
88 2.2809400 31.5438580 252195.6 338077.9 624.0 Forest cover 
88 2.2812960 31.5445740 252234.9 338157.6 623.2 Forest cover 
89 2.2829520 31.5470690 252417.7 338435.2 621.9 Vossia <2.0 
89 2.2833650 31.5480850 252463.3 338548.3 623.9 Vossia 
89 2.2837270 31.5487840 252503.2 338623.9 623.5 Vossia 
89 2.2841000 31.5497760 252544.4 338736.5 624.0 Vossia 
89 2.2842250 31.5504390 252558.1 338810.2 624.6 Vossia 
89 2.2848820 31.5513850 252630.7 338915.5 624.1 Vossia 
89 2.2855280 31.5518870 252702.0 338971.4 623.4 Vossia 
89 22860160 31.5522370 252755.9 339010.4 623.9 Vossia 
89 2.2865570 31.5527760 252815.7 339070.4 622.7 Vossia 
89 2.2866850 31.5534730 252829.8 339147.9 621.0 Vossia 
89 2.2856410 31.5577520 252713.9 339623.7 621.7 Vossia <2.0 
89 2.2856100 31.5579780 252710.4 339648.9 622.2 Cyperus spp 
89 2.2854160 31.5591360 252688.8 339777.6 623.7 Cyperus spp 
89 2.2854040 31.5601700 252687.4 339892.6 622.9 Cyperus spp 
89 2.2853010 31.5612890 252675.9 340017.1 622.3 Cyperus spp 
Streams 2.2855310 31.5619380 252701.2 340089.3 622.1 Vossia <1.0 
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Streams 2.2838840 31.5561210 252519.8 339442.1 624.5 Vossia 3.30 
89 2.2835960 31.5553960 252488.0 339361.5 625.9 Vossia 
89 2.2833840 31.5549870 252464.6 339316.0 626.4 Vossia 
69 2.2831430 31.5544600 252438.0 339257.3 626.1 Vossia 
89 2.2823890 31.5529880 252354.8 339093.5 624.7 Vossia 
810 2.2816650 31.5518130 252274.9 338962.7 623.7 Vossia 
810 2.2815120 31.5515770 252258.0 338936.5 623.5 Typha 
810 2.2813680 31.5513050 252242.1 338906.2 623.6 Typha 
810 2.2811090 31.5506340 2522136 338831.5 623.0 Typha 3.00 
810 2.2810390 31.5504430 252205.9 338810.3 624.3 Forest cover 
810 2.2808700 31.5500770 252187.2 338769.6 624.8 Ambach trees 
810 2.2807580 31.5498950 252174.8 338749.3 625.0 papyrus 
810 2.2802970 31.5491120 252124.0 338662.2 622.0 Cyperus spp 
810 2.2799870 31.5485870 252089.7 338603.7 623.6 Cyperus spp 
810 2.2795740 31.5480270 252044.1 338541.4 624.8 Cyperus spp 
810 2.2790850 31.5473110 251990.2 338461.7 623.7 Cyperus spp 
610 2.2790020 31.5470900 251981.0 338437.1 623.4 Cyperus spp 
610 2.2785660 31.5464410 251932.9 338364.9 624.0 Cyperus spp 
610 22776030 31.5454260 251826.5 338251.9 625.0 Cyperus spp 
610 2.2770980 31.5449070 251770.7 338194.1 622.9 Cyperus spp 
810 2.2768080 31.5445800 251738.7 338157.7 621.3 Cyperus spp 
610 2.2765960 31.5443280 251715.3 338129.7 621.3 Cyperus spp 
610 2.2762440 31.5438890 251676.4 338080.8 620.5 Cyperus spp 
610 2.2758820 31.5434930 251636.4 338036.7 622.2 Cyperus spp 
610 2.2753980 31.5429030 251583.0 337971.0 619.4 Cyperus spp 
810 2.2747280 31.5422800 251509.0 337901.7 625.2 Cyperus spp 
810 2.2741260 31.5417160 251442.5 337838.9 624.8 Cyperus spp 
810 2.2736700 31.5410610 251392.1 337766.0 624.1 Cyperus spp 
810 2.2732270 31.5405010 251343.2 337703.6 622.4 Cyperus spp 
610 2.2719140 31.5391860 251198.2 337557.2 621.7 Cyperus spp 
810 2.2717660 31.5391240 251181.8 337550.3 623.2 Cyperus spp 
810 2.2713510 31.5389790 251136.0 337534.1 620.3 Cyperus spp 
Streams 2.2840900 31.5609710 252542.0 339981.6 622.4 Typha 3.00 
612 2.2840660 31.5611140 252539.3 339997.5 624.0 Typha 3.00 
812 2.2840490 31.5611630 252537.5 340002.9 624.1 Typha 
612 2.2842210 31.5618080 252556.4 340074.7 626.2 Typha 
Streams 2.2838370 31.5638730 252513.7 340304.3 623.4 phragamites 300 
Streams 2.2855250 31.5795240 252698.6 342045.2 625.4 Forest cover 3.00 
Streams 2.2858470 31.5834000 252733.8 342476.4 622.5 Vossia 3.00 
Streams 2.2719650 31.5993870 251197.2 344253.0 623.9 Forest cover 
Streams 2.2728510 31.5979930 251295.3 344098.0 623.3 Typha 
813 2.2745390 31.5982970 251481.9 344132.0 626.9 Vossia 
613 2.2742120 31.5989800 251445.7 344207.9 627.6 Vossia 
613 2.2739680 31.5991710 251418.7 344229.2 626.8 Vossia 
813 2.2736300 31.5995130 251381.3 344267.2 626.1 Vossia 
813 2.2732690 31.6000060 251341.3 344322.0 626.4 Vossia 
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B13 2.2730040 31.6004670 251312.0 344373.2 627.1 Vossia 
B13 2.2725020 31.6014030 251256.4 344477.2 625.7 Vossia 
Streams 2.2719920 316001040 251200.1 344332.7 625.5 Vossia 
Streams 2.2726520 31.5983130 251273.3 344133.6 627.8 Vossia 
B14 2.2758240 31.5967710 251624.1 343962.4 625.3 Vossia 2 
B14 2.2760610 31.5966380 251650.4 343947.7 626.1 water hyacinth 
B14 2.2765150 31.5963460 251700.6 343915.2 625.8 water hyacinth 
B14 2.2772150 31.5958640 251778.0 343861.7 625.2 water hyacinth 
B14 2.2788280 31.5948070 251956.5 343744.3 623.4 water hyacinth 
B14 2.2796520 31.5943510 252047.7 343693.7 627.9 water hyacinth 
B14 2.2799880 31.5940960 252084.8 343665.4 624.2 water hyacinth 
B14 2.2812210 31.5928470 2522213 343526.6 626.1 water hyacinth 
B14 2.2818130 31.5921640 252286.8 343450.7 624.6 water hyacinth 
B16 2.2841560 31.5774480 252547.5 341814.2 625.8 Typha 2 
B16 2.2853630 31.5754240 252681.2 341589.2 625.9 Vossia 
B16 2.2858330 31.5745520 252733.2 341492.3 624.8 Phragmites 
B16 2.2860550 31.5736340 252757.9 341390.2 627.5 Phragmites 
B16 2.2860300 31.5724470 252755.2 341258.2 626.6 Phragmites 
B16 2.2857670 31.5717920 252726.2 341185.3 627.5 Phragmites 
B16 2.2853060 31.5710250 252675.3 341099.9 627.9 Phragmites 
B16 2.2848520 31.5700690 252625.3 340993.6 626.5 Phragmites 
B16 2.2844980 31.5693350 252586.2 340911.9 634.0 Phragmites 
B16 2.2843110 31.5690360 252565.6 340878.6 631.0 Phragmites 
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